Contribution to Investigation of the Influence of Chemical Composition on Machinability of Superalloy Nimonic 80A  by Sunulahpasic, R. et al.
 Procedia Engineering  132 ( 2015 )  480 – 485 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of MESIC 2015
doi: 10.1016/j.proeng.2015.12.522 
ScienceDirect
Available online at www.sciencedirect.com
The Manufacturing Engineering Society International Conference, MESIC 2015 
Contribution to investigation of the influence of chemical 
composition on machinability of superalloy Nimonic 80A 
R. Sunulahpasica,*, M. Hadzalicb, M. Orucc, E. Begovicd  
aUniversity of Zenica, Faculty of Metallurgy and Materials Science, Travnicka cesta 1, Zenica 72000, Bosnia and Herzegovina 
bUniversity of Zenica, MI “Kemal Kapetanović”, Travnicka cesta 3, Zenica 72000, Bosnia and Herzegovina 
cUniversity of Zenica, Fakultetska 2, 72000 Zenica, Bosnia and Herzegovina 
dUniversity of Zenica, Faculty of Mechanical Engineering, Fakultetska 1, 72000 Zenica, Bosnia and Herzegovina 
Abstract 
Nimonic 80A is a material used in extreme conditions in the automotive industry and everywhere where elements work in 
extreme environment (high temperature and aggressive environment). This is an alloy which is very difficult to process. 
The aim of this paper is research in field of machinability of superalloy Nimonic 80A. Experimental investigations with defined 
cutting conditions will determine the influence of the chemical composition of superalloy Nimonic 80A on the machinability. 
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1. Introduction 
Nimonic 80A is an nickel-chrome alloy, which is precipitation hardened by addition of Al and Ti. The 
combination of strength (max. tensile strength 1220 N/mm2) and the hardness (HB 370) at room and elevated 
temperatures makes this alloy very difficult to process. [1]. Chemical composition of the alloy Nimonic 80A has a 
dominant influence on its mechanical and technological properties.  
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In this research the design of experiment was realized using the MATLAB software (version 7.0) and its module 
Model-Based Calibration Toolbox. The aim of this work is to find mathematical models that describe the 
dependence of cutting force, on different chemical compositions (Al, Ti and Co) and cutting parameters (the feed 
rate, s and the depth of cut, ap). 
2. Experimental procedure  
Tests are conducted on four samples (ø15 mm) with different chemical composition and mechanical 
characteristics, [2]. The aim of this work is to find mathematical model that describe the dependence of cutting force 
(Frez), and surface roughness (Ra) on different chemical compositions (Al, Ti and Co), cutting parameters (the feed 
rate, s = 0.1÷0,2 mm/rev and the depth of cut, ap=0.5÷0,8 mm), with constant cutting speed Qc = 23 m/min [3].  
The experiments, which results are presented in this paper were conducted at the Laboratory for metal cutting and 
machine tools (LORAM) at Faculty of Mechanical Engineering. The type of a machine used for the cutting test was 
machining center PA 501 M manufactured by Potisje (Fig. 1.). The surface roughness values of finish-cutting 
workpieces were measured by Perthometer M1 instrument. 
 
 
Fig. 1. The machining center PA 501 M 
In the process of cutting, there are several forces acting on the tool as a result of resistance of the material 
to the cutting. All of these forces can be considered equal to the resulting cutting force (Frez), Fig. 2. 
 
  
Fig. 2: The cutting force 
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3. Results 
The measured cutting forces for the first sample is shown in Fig. 3. and Fig. 4., and the values for other samples 
are given in Table 1. 
Also, in Table 1. are given the values for surface roughness (Ra).  
 
Table 1. Experimental values for Frez i Ra 
Al+Ti  
(%) 
Co  
(%) 
s  
(mm/rev) 
ap  
(mm) 
Frez  
(N) 
Ra  
( m) 
2,69 1,04 0,1 0,8 271,73 1,07 
2,62 1,9 0,1 0,8 289,16 1,94 
4,61 1,09 0,1 0,8 369,72 1,27 
4,6 1,88 0,1 0,8 439,52 1,33 
2,69 1,04 0,2 0,5 373,83 1,42 
2,62 1,9 0,2 0,5 387,16 2,58 
4,61 1,09 0,2 0,5 501,65 1,66 
4,6 1,88 0,2 0,5 591,9 1,79 
2,69 1,04 0,16 0,65 340,63 1,34 
4,61 1,09 0,16 0,65 465,51 1,65 
 
 
Fig. 3. Diagram of cutting forces for sample No. 1 
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Fig. 4. Diagram of cutting forces for sample No. 5 
Applying the regression analysis tools on the experimental results, using software MATLAB 7.0, the values of 
the model coefficients have been obtained and the regression equation is: 
FrezM=-5501,453+3016,796·(Al+Ti)+90,48·Co+1586,2·s +389,45·ap-409,83·(Al+Ti)
2+218,51·(Al+Ti)·s,  (1) 
RaM=69,3907-43,2617·(Al+Ti)+0,725377·Co+15,2811·s+4,22694·ap+5.9506·(Al+Ti)
2-0,350996·Al·s-0,738587·Co·ap (2) 
The functional dependency of cutting force on feed rate and chemical composition with constant cutting speed Qc 
= 23 m/min; using regression model, is shown Figure 5. 
 
Fig. 5. A functional dependency of cutting force Frez on feed rate (s) and chemical composition with constant cutting speed Qc = 23 m/min and 
depth of cut, ap=0,8 mm 
Qc=23 m/min 
ap=0,8 mm 
Co=1,04 % 
s, (mm/rev) 
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A functional dependency of surface roughness Ra on feed rate s and chemical composition with constant cutting 
speed Qc = 23 m/min and depth of cut, ap=0,8 mm, using regression model, is shown Figure 6. 
 
 
Fig. 6. A functional dependency of surface roughness Ra on feed rate s and chemical composition with constant cutting speed Qc = 23 m/min and 
depth of cut, ap=0,8 mm 
Fig. 5. and Fig. 6. shows the response surfaces for Frez and Ra in case when the feed rate and alloying elements 
Al+Ti are variables and the cutting speed, depth of cut and amount of added Co are constant. It can be seen that the 
feed rate appears as a dominant influential factor on Frez. The depth of cat has a minor influence on the force of cat.  
The effectiveness of training of the MATLAB model and its ability to predict correct values for unseen data can 
be given in a form of regression analysis where correlation coefficient R2 determines the correspondence between 
the MATLAB outputs and target (Table 2). The R2-value of 0,994 and 0,995 were obtained for the testing of 
MATLAB model, respectively. These values indicate that the model has been very well learnt and that also has the 
excellent generalization ability. 
Table 2: The statistical characteristics of cutting force and surface roughness  
 The statistical characteristics of mathematical models (1) and (2) 
 R2 Sey SSreg. SSrez. FiM FiTab. Significante 
FrezM 0,994 6,551 86818,15 128,75 337,15 8,94 YES 
RaM 0,995 0,064 1,672 0,0083 57,845 19,35 YES 
Note: 
FrezM – Cutting force calculated by model 
RaM – Surface roughness calculated by model 
R2– Correlation coefficient (goodness of fit) 
Sey – Standard Error 
SSreg –Regression Sum of Squares 
SSrez –Residual Sum of Squares 
FiM – Calculation value of dispersion ratio 
FiTab– Table value of dispersion ratio 
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4. Conclusions 
The resulting mathematical model presents the basic information of machinability of Nimonic 80A and the basis 
for the optimization of technological process of machining. 
Observed parameters in real conditions of machining of superalloys have a different levels of significance, i.e. 
different effects on the cutting force. Most influential parameters are the feed rate (s) and chemical composition 
(amount of added Al and Ti). 
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